Abstract-The morphology and structure of FORUM ultradisperse polytetrafluoroethylene fractions obtained via separation of the initial sample with supercritical carbon dioxide are studied by means of scan ning and transmission electron microscopy, thermogravimetric and X ray structural analysis, and IR and NMR spectroscopy. The lowest molecular mass fractions of the ultradisperse polytetrafluoroethylene are involved in the dissolution process, while an increase in production parameters (pressure and temperature) entails gradual involvement of higher molecular mass oligomers in this process. On the basis of the experi mental data, the chain length of oligomers soluble in supercritical carbon dioxide is estimated.
INTRODUCTION
Among polymer materials actively used in industry, polytetrafuoroethylene (PTFE) holds a special posi tion owing to the complex of its useful operational properties in a wide temperature range. Owing to its poor solubility, there is a need to seek new methods of PTFE modification and processing. A thermogas dynamic method of processing PTFE fluoroplaste 4 waste into an ultradisperse PTFE powder under the trademark FORUM has been elaborated at the Insti tute of Chemistry of the Far East Division of the Rus sian Academy of Sciences [1] . A specific feature of this material is that, although it is mainly insoluble, its low molecular mass fractions show solubility in supercritical carbon dioxide [2] . For practical imple mentation of the process, it is necessary to understand the mechanisms of the supercritical solvent effect on the ultradisperse PTFE powder and to gain knowledge about solubility parameters in relation to pressure and temperature in an autoclave. In this paper, the solubil ity of low molecular mass fractions of FORUM is experimentally studied. EXPERIMENTAL The ultradisperse PTFE powder under the trade mark FORUM produced at the Institute of Chemistry of the Far East Division of the Russian Academy of Sciences through the pyrolytic processing of the bulk polymer fluoroplaste 4 was used as an initial material. The essence of the method is that a gaseous medium of pyrolysis products comprising a set of fluorocarbon molecules and radicals is obtained. Under certain thermodynamic conditions, nanoaerosols with ele ments having characteristic dimensions on the order of several tens of nanometers appear in such a medium and, after their coalescence, leads to the formation of bulk particles [3] . The powder consists of monolithic and bulk spherelike particles 0.2-2.0 µm in size. Pow der particles are inclined to form agglomerates 2-5 µm in size and larger associates (10-50 µm) that are unstable and disintegrate under the action of a weak external stress. Investigations with the use of DTA, IR and NMR spectroscopy [4, 5] have shown that the powder particles contain low and high molecular mass PTFE fractions. Molecules of the low molecu lar mass component contain terminal fluoroolefinic groups with ⎯CF=CF 2 double bonds and side trifluo romethyl groups -CF 3 [5] .
The solubility and separation of low molecular mass fractions of ultradisperse PTFE in supercritical carbon dioxide was studied via a statistical method (without a flow of supercritical СО 2 ) on a high pres sure experimental setup, the scheme of which is pre sented in Fig. 1 tion cuvette for sample (3) exposure, (2) a liquid ther mostat for temperature regime stabilization, (4) a system of valves, (5) capillary lines, (6) manometers for registration of supercritical СО 2 pressure in the cuvette, (7) a hand generator of pressure (High Pres sure Equipment Co., United States), and (8) a con tainer with CO 2 .
The investigated material was treated according to the following scheme. The cuvette was closed and pressurized, and then the required pressure was cre ated at a given temperature in the cuvette in the liquid thermostat by means of the pressure generator through the capillary system equipped with valves and manom eters for controlling pressure. The density of supercrit ical СО 2 at the selected pressure and temperature was calculated with the use of the program NIST (National Institute of Standards and Technology, Gaithersburg), which is based on the modified Bene dict-Webb-Rubin equation. After the sample was pressurized for 1, 2, and 4 h, the cuvette was decom pressed. The cuvette was opened, and an extraction container with the sample was taken off and allowed to stay under atmospheric pressure for several hours. Investigations were conducted at a pressure of 10-70 MPa and a temperature of 45-110°С.
Preliminary experiments showed that an increase in the exposure time (more than two hours) led to insignificant changes in the solubility of low molecu lar mass PTFE fractions; therefore, in most experi ments, the exposure time was 2 h. It was found that no direct carry over of the initial ultradisperse PTFE powder occurred during the blowing of СО 2 into the cuvette and its blowing out of the cuvette at the end of the experiment. In a typical experiment, the weight of the ultradisperse PTFE placed into the extraction container was ~0.7 g. The dissolved low molecular weight oligomer was collected for further investiga tions by means of the methods of electron microscopy, TGA, IR and NMR spectroscopy, and X ray diffrac tion.
Sample morphology was studied on a JEOL JSM 6380LA scanning electron microscope and a JEOL JEM 1011 transmission microscope at an accelerating voltage of 80 kV. The IR spectra of fluoropolymer sam ples pressed into KBr pellets were detected on a NEXUS spectrometer (ThermoNicolet) in the range 4000-400 cm -1
. TGA was performed on a NETZCSH STA449C setup in the temperature range 20-600°С in an atmosphere of argon; the heating rate was 5 K/min. All samples had approximately the same weights (0.6 ± 0.1 mg). X ray diffraction investigations were con ducted on a XRD 6000 setup (Shimadzu Corp., Japan) at room temperature in the range of angles (2θ) 2°-70° with a step of 0.02°. Measurements were was 
